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(54) FIELD EFFECT TRANSISTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a filed effect 
transistor which has characteristics for high breakdown 
strength, good gain and good high frequency. 
SOLUTION: A dielectric film 4 consisting of a high 
dielectric material of permittivity of 8 or more is 
provided between a field plate p : art 9 and a channel layer 
2. As the high dielectric material, tantalum oxide 
(Ta205), or example, is used. 
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[»WR»#«Qttl»l 

aMsj:** km >ta«t > tfHEv we km 

>f >«««^iftttc07 ^ ~/u K:/ h»&«Sx, AQ£ 

8 & ..!;. W k * 6 6 tt 
feci £ *»»i1-S«#«b»S! h?v^** 0 

(A I 2O3) , SHtTfrZ — VJ** &tit#>#A' (Ta 
2O5) > hmW-#A (S r T i O3) > 

^VE»/<y«?A (BaTiOa) > 7-* >»'<l/ * A ■ 
x h p Isf-tyJ* (B a X S r i- x T i O3 (0 < x < 
J) ) , teJltf^i'^Hftfcr*-*'* • * hoyfj^A 

(S r B i 2 T n20g) frbte&Ufrhmtttl&^-rtl 

[Hf5R«4 ] fi«Be»«fleiR^«£^36», 1 0 0 n mGAJ- 
1 5 0 0 n m«Ttfcact *ttWM-&M**Hl 7*3§ 

[M3ft9 e ] iffiiE^— h««tffirfle Ku>f « 

[0 00 I. ] 
[0 0 0 2] 

( - it He L X Vmw X *<j 6 flf % iffifa»i?tt2-3«*:* 



(2) K OH 2 0 0 1 - 2 3 0 2 6 3 

[0 0 0 3] LA»U fb^**Wff*fflV^fc«#«lj»ffi! 
ftg (B14H^«) U tt«wWiat45 

[0 0 0 4 } c: wy- h tws^ k u-r ^ttUK ^ 

[0005] fwtoc, hsficcftffi (eiT, 

2ttWWDB6 3 - 8 7 7 7 3 *4&#<Cl|Ji|* $ nfc«#S» 
[0 0 0 6 ] 

hffi, s /--v*/HKf> JuJ:(;:hbi:l^ntWIt 

[0007] R«(M«:»<t6: t^t-r^w 
K» *s «> S , .tH fc S T t f 

ffl ill jafetw J: o 'C (A d ix 3ft« * * <c RB H t ft 6 • 

[0008] ±e«*tt«o#+«»H*m 

[0 0 0 9 ] 

[ mm & m *-t 5 fc «> <^ * » i ± ie«h ^ w Jfci - a * « 
t . iwe -it swic j£fi j- hi mi l x mm * n y - * sag 

5^ >f-/H''/^- h»tfffE^-y*^»tw|«]^, JtKtt 



3 

bftx\,^z>tz&, vwmn km vW^b 

L fc K^" - 1 JE i: + 5 « fPffl * fi" 

[0 0 1 1] *»iwl#«ih7>^^^^ ^-f 

* » a fc ^ (oiRff r«^2 f#$u& * -r & ^ 

[0 0 12] EJLb<Oj:$K:, *«W(^*5l^-Cfi, Mtttt 
[00 1.3] i/:, JLfc«6J:5^«]lr^««*«r*i"*» 

[ 0 0 1 4 ] 

ra\ i»<tr^^ = »>^ (a i 2O3) s '*ftr/w5 = * 

A „ BKfc*>*^ (TaaOs) > f^yi^ hayf<) 
A (S r T i O3) . 7#*«t'<!) K?J* ( B n T i 
O3) . ^^^U^A^hpyf^A (Ba x Sr 
j- x T i O3 (0<x<l) ) s iy«);t>^>^/uil:^v 
A • * h a >f- r> A ( s r 13 i 2 T a 2 Og) J&»5> 

*r l y- h mm Tcnmmz &^x m v * ft & 

[00 i 5] *«W(c*jv^r, »«fls:|Ktt7-<— /i/ K-y 
v\ fciitfB3 (d) ^l')t:> >/~ h««5ilCTK 

im <o«Ltf>*i«K: « ^m^i)^ 1 1 e> n r ^ ft v * w t mi 

*J»«>(B:T«rBSJh-e* SA»p>t?*>-&c 
[ 0 0 1 6 ] ±eo> J; 0 (c, WfBtfwS::? f Krxu 



(3) WM 2 0 0 1 - 2 3 0 2 6 3 

- (?) > y a ^HMt* £ 7 4 —>\» K 7" I- a £ coflmca* 

[0017] *»w^*3H"S^-<*-^ K-/u- ha^>M 

tt, »* L<(10. I if m£Jl±, $ 6 Jiff iL< 0 . 

[0 0 18] *«l|l«c:*5V^T, IBI«#III^Kt)ill*t:M"» 
10 0-1 5 0 0 n m, ^ L < (d: 3 0 0— 1 0 

[0 0 1 9] «i|]w»Wih7>y^^l:^^ 

ftlA, KM ^fttflMJU «3 t** < fto 

30 7 4 -)\> h*y h »lc J: -&*#«ftflsffl K i^^f >«W 

[0020] r JiE»*#flkw*#SW:5K; (i) 
co J: 

C=(S/d ( 1 ) 

(C : #* i : ««* S : ttfilifiiSl d : ttaiMffi 
l» 

[0 0 2.1] -/u K7V- NSUIT«Wi*^l? 

htSSm^ KM ^HfllimiJ; 9 43^< ftoT 

[0022] *«BlJlfEI«d *K{t*-fr6r 

[0 0 2 3 ] <2>7 ^ -/U K"/l/- HWlC-*VSiiiZlJK± 

50 «OTi)&*JB;ifcStbrv^«#Jft»ja i^y^^^^o 



[0024] :o**tt, MffiffiH»S*2ete$-ttSd£ 

d (?) ,1: -) 4«SW7^ —A- Kr/U"— hfflO«4r 
110 (c) l^tc |g)<£>J; pic TU±7^-^K^u 

Ll\, ft*5 s r:flj yuK^t — httftjtiii- 
& 5\ & l H \ t * * > ft 5 )B <fc r* fcottJ;V\ 
[0 0 2 5] <3> 7 >f — H»w K M I'fUEffl 

[oo2 6] z.<nmrm, 'mmwm sfrmtz it zzt 
vex vm&wm$yfr o w»«**co«**{ts*fcfc«> 

tflxtflHlO (a) , (b) coj;di-A»3 

>r >'<tj&flrc^ < * s «t 5 a 9 

[0027] ®-7 ^ -/u K'/l- httfiTo*ft»RoM 
[0 0 2 8] d 0>«J*f* % * fc«<t*-fra w t K 

[0 0 2 9] *«n^«»M!S h^^*^*^ 

KM ^»^>«»**^ 

*>» ■ ttftSft*. 7P-hiwifi > 

yy!it-Y K (WS i) v 7VW5^*A, 
[0 0 3 0] *3B9j0l8jP0jJ&£! h7>^^^«w*JV> 

r % jffljey- h Wfi £ wua km t cowjk: * (»bb 

co K M Wll 1 )^ y ^W{d«^i-5»#* + «ri>» • ISA 

Ku-i'^wam^aswftttff^**** 

\cn x. ft tf* b If WJiCO In) ± & lil 6 d <!r # -e * 

[0031] nMwmwm^m^^tmmm^ 
v\> t^fl aMbr/p*-** (a 1 2O3) * ftfbr 



(4) 19 M 2 0 0 1 - 2 3 0 2 6 3 

B 

/U^?A, Kft^^^/U (Ta 2 Os) , f^VR^h 
D>-^CrA (SrTi0 3 ) > A (B a 

T i O3) , * * ^S£'< y r > A • * h 0 >^ A ( B a x 
S r i- x T i O3 (0 < x < 1 ) ) , &£Xf? 
^^•^hP^f !>A (SrBi2Ta2G>g) 

^(^, TTd (1) (2) fr»fc+»»«rffl^SCi 

7f7 { 1 ) 1 < < < 5 v ^>o, 25<t/»<70 
( 2 ) 5 £ 1 < 8 , /^o % 1 0 0 < V. < 3 5 0 
«#fM«««^»«MU ^^^r^yt-TK (WS 

mw\m%\fo^-tz> t^o ?j sue j; »3 jKdii- § c <t /j^c s 

[0 0 3 2] fKffMffltgMtt. l'fttlfit««*iXp3] 

t^ooy— h««iaCT«o«;#* ( l :, «rlWJl:L,s WE-Wit* 
[0 0 3 3] *fc*3BWco«;#»j»a! F^^^U 

j<? [0 0 3 4] ^ytSffiflttttltiDJM'Rd^ ¥ XT is 
V'P^ K (WS i) % 7/^^'/A, ^^>/[::J^> 

/ASifSrflH^ac: t *s -eft, fcfcx.ff, ^nnfc^jKn 

l*$cU --/^^WfllJEE*: l-4J^N^6o ::fi(a^ tySffi 
i« Tfi0««^iK;ttt8t i ft o TfllW^itn^-t < ft 0 , * 

[0 0 3 5] *:«W«>«#»*a!!h9V^^#fr*5V^ 
U> 0 ^ bffimt mttlZ t^tfc % 

b m%Mr& L^i' < ft a * ^ ? K3fi±«>*iJ jS b fc 6. * 



(5) 
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[0 0 3 6] *»IJia>*JfrJ»*g8 hyyy^^C^^ 
K*R^--V*^» <^«l«*t»i: It, GaAsSrli 

i: *> <t 1- & n i - v si it<& m * ffl ^si^m 

& 0 III- VJKfb^*^**^**, G a A s , A l G a 
As, I n P , G a I nAsPftW>5, III-VflHk 

[0 0 3 7 ] 

l£!2 (g) f-^i-J; ^-h««jWfctt<o /<? 

[ 0 0 3 8] JbXTs HI, 2*#ISLT, #»*W<0» 

[0 0 3 9] *1\ *ft(8ttWG a A s 1 iCMB 
EftfC J: 0 , Sii'2XI0 17 c m 3 
a A s =?~-\>*M§ 2 <J@£ 2 3 0 n m) , &J:tf S i & 

5 X 1 0 J7 c m" 3 K~ V^UfeNfflG a A s 

3 WSl50nm) (Hi (a) ) . £0 

[ 0 o 4 0 ] ogTfc h (Bl^-tiri*) * i: L 

T»i**Sfcfi»^ 2 , 

i'Z> mi Cb) ) o 

[0 0 4 1 ] Od^TCVDiSCJ: Off S 3 0 0 n m«0 
T a 20s*»feft2»»«ffK4 4r^iiSi»cJ««t1-ft (II l 

(c> ) * C<?)|i*W4W±{^i;^ |> (*FBMr<) & 

#JHE 4 & C I I F 3 & fc I* S F 6 & ffl ^ x X K 7 a: •> -7- > ^ 

V *^/S 2 & 3 0 n mfi£EE * "7" > ^6 (08 1 
(d) ) o 

[0 0 4 2] ^flSifc: lOOn mWWS i 5 0 

n mCOT i Nig, 1 5 n m<D P t H&\ 4 0 0 n mWA u 

6 (B2 (e) ) 0 t^)t, hliMlfl^)^ 

t»*lty- K««5«r»j«1-£ (BI2 (f) ) « 
[0043] o^i^r»ttffi*4a?ijfsEttJjf&^y s f-> 

^ LT:»>^ h Jg 3 & g$ ffi & 8 n m CO N i JR , 5 40 
0 n m CO A u G e IIS, 2 5 0 n in CO A u R$r d 0>NR-CN 

sS3K#u y-^*a 7 1 k y*« 8 1 tM i, 

«#J»*2H h7>^^tS*t« (H2 («) ) « 
[0 0 4 4] *%tt#JcoSj»jaftffl h7 * fit, v 

-r h » i ^ -v */hb £ cvm<»mmm\$ 4 <?> 

a. ^^^m^^n^ii^#^^b^m^ij©4 wRff* 

t/\ 50 



¥rW\ 2 0 0 1 - 2 3 0 2 6 3 
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[0 0 4 5] *»'CI«fmi4 L'CT a 

ijt7^^-'>A (A 1 2O3) , t^yfchnyf^ 
A (SrTi O3) , ^*>HV«y (B a T i 

O3) > ^^<y^A^hP>f^ (Ba,Sr 
1-xT i O3 (0<x<l) ) , *fctt^^^/U|»bT^-v 
* . X I> P W~ * A ( S r B i 2 T a 2O9) SrfflV^S ^ 

J* U "Cat4«li:»St5. 1* ?Ltfi«ftT^ $ ^ 0 A 
(AI2O3) ^l^^^ti^^s 150^3 00nmtt 

[0 0 4 6] ft*s, **as«t»rt:^-y*^« 2 s =j 

^ hl3^]3Eft(af)iJiJcltl^^\ MOCVD 

[0 0 4 7 ] (^iifc^ij 2 ) h7V 
i?**tit, I3SI3 (d) f)J:9lw, -yj— ;H''/i/- 
C0ffl:T<0««|c:<O^.T a 2 06^^&^i»*(t:lK4 *«J»dl 

as h y > ^ ^ 9 omm-)jmz. o ^ r wn -r z> . 

[0 0 4 8 ] fci'SlfcW 1 t Its **6*ttG a 

A s iKtf[ 1 .h{^ % NfflG a A s s /-.y*/HI 2 , NSiG a 

A s a > ^ ^ h H 3 , W«flcK 4 % *s J: W~ V &MWA 
6S:aJBLt«MMtS (B3 (a) ) B 

D >'/{z.<}: O^»B0r*l»^Ury— h«« 5 

6 (1^13 (b) ) 0 o^^tf - htt«&5 co«;S$ixfc 

(BSBf^^«o«*jSco««ft:|B 4 Sr-n ylf->V \z. J; 

6 (B3 (c) ) a *cvy&, 8nmf)NilKi 5 0 n m 

tO A u G e 2 5 0 n m«0A ui^IWlIt'I^if 

*ffl (HI 3 (d) ) 0 

[004 9] M«<MSi^^v?^^!l 7 

-6 itfti 4 a< * n r v ^6 fc «> , w v ^ whe»*S: w 

U * 6 R#ft*U»»tt^» fen ^ e 
[0050] (%tisM 3 ) 'A^mhW4oym^0)MM bv> 
i?*#t± y \ms (e) wjz^ji, ^ K^u- hffi 

<o8ET«o««^a:3a«<bT a 20s^?>ttS»18;f*iffi4 # 

[0 0 5 1] 1204, 5«r*JHU-C, *38H«wfS 

[0 0 5 2] 1 cb |P]«RK: IT, G a 

AsISU:!-, NiGa Asf t*M!2, NlGn 
A s zz> & # hJB 3 £^/&t-6o T a 20s*»?>4 

SM«ff* 4 (H4 (a) ) o Wi4W 

HWli, 3 0 0 n mttS, 

[0053] o<fv*-cy— h««»/a«iJfa^<o««ic 
7* h ui^.x h (^Fi^l>T<) Srltttt, il»l4 ^rl'-H 
aiy^^i-fc (H4 (b) ) o b L^^^ h*«HB 



& ((114 (c) ) o dtuKJ;*), y- h*tS»J*f6irrfc 

[0 0 5 4] ^fem'itw 1 0 0 n mWWS i JR. 5 0 

n mGOT i NIP, 1 5 n m«3 P t US, 4 0 0 n m GO A u 

5 (d) ) . 

[0 0 5 5] ifcfcy— httffi^AIB0r&^co««^»Jft 

T 8 n mCON i 1^ 5 0 n mWA u G e 2 5 0 n m 
OA uRftClOJIWKffij£#U y— *««7 4 KM 

6 (II! 5 (©) ) „ v-<-/u K'/u- hWTa>»2S»lw 

0 n m. *rfflfl0flElB«BTW 3 0 0 n m*e#>6« 

[0056] j:*uj:\ , ^ -< ---^ k^i*— 

[0 0 5 7 ] (%tt9J 4 ) *K*«<0«#»*SS h7> 

— K y u- — h » & OB *. , :^^f - ^ K r/ u - h ffli <>: 
-v *MW\ 2 0)Mt;i* 2 ffilH£>jttitt<£AR 4a, 4 b A* 

4 a J: «9 fcit»1tt4Wte< , 7 -/u h»BT 

4 a , ffi:S-<?mMiWM4 b(z.X >9»iaSJxa*fttt, K 
<& 0 BT, H6, 7«r#fHtT*»lli««>«#»*iHh 

[0 0 5 8 ] 1 fc «iaX, H^ftRttG a 

A s 1 J.: \Z % N jS G a A s V * yuJB 2 , N SH G a 
A s a > # * h H 3 , »- 4a, *3 J; O v /- 

iKtHBrfr-f ^> S U >-^*t- J: 9 MM* Lt httlst: /0 
JBiai-2» (B6 (a) ) o »-«>JS««s»4 a »»» 
tt, T a 205 4 U BSff £ 1 5 0 n m t 

[0 0 5 9] *lc^mi^^~op^'ilf«4 b SrKMfri-S 

(116 (b) ) o »nwW«»K4 b^+Wtt, s i 3 
N** U Wff* I50n mtf'S. 

[0 0 6 0] o-3v*TC*kiffl*r K7^.tyf>^L, 
h««E 5 ..han^JB-^>«*f*iB4 b *»KWfc3c*J-l* 
-£1-6 (H6 (c) ) ft 

[0 0 6 1 ] Jfclr, ffcffiH- 5 0 n m«0T i NR t 1 5 n 
mCOP t!KS, 4 0 0 nmeQAuJKfcwWlH-e;*-'*?^^ 
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i/l- J: 0 ^ K(K0r«rl»^ L T >/- h ®«K 5 ^ 
(B6 (d) ) . 

[0 0 6 2] ^^^/- t«SS«rn!lrAfB9f£il^«)«l«^tB 
— *5 J: VjR— <^lMfKf4:JH 4 a, 4 b y*f->'/\c J: •) 
|*^1~^o y cVXks 8 n mON i 5 0 n mWA u G 
el\ 2 50nmf)AuI$rl(7)ilfMIf L, V*- 

7i km 8 1 m^^j*^ h 7 

[0 0 8 3] **»«W«#a*S!h9y^^tt, V 

[0 0 6 4 ] ^^*^^^i]c/>®*^m^ h 7 ^ 
KM >W& 8 «c|6js0» 9 Co^r^^ < 4 S 

[0 0 6 5] (^5^^) 5 ) «%ttM^tt»a!llRa! h 9 > 

f/.x^(l s gel 9 (f) (ci^-rjcvtc:, KWco^-r— /UK 
4a, 4 b^»jft**tfc«3a«r#Lri^. 7^-^K 

< 0 :.(?r/:y)7^r -vu K/l-- h ffi £ 5- -v */HH 2 ic J: 
«9 IB J3£ £ ix 6 ft^ « ^ t- /J^ t^< ftoTiKo & T , IB 

[0 0 6 6] *ir*llS« 1 * It, *»»fi:G a 

AsiK«[l-h(w, NiGaA$f-V^U|2, NlGn 

xvm&Lxv- bmms&j&tftirz mis (a) ) n 

[0 0 6 7 ] R(C*.BB^»-*J * U«»-©»|«»«[4 
a s 4b*r*tti-3 (l«18 (b) ) . JB-coHSfllflcBI 4 
a»ff»fiTa205iU (Wi 1 5 0 nmit6. * 

yt. S^r:c/^ii««4 bco*r»tts i 3 N 4 t U Rfffr 

1 5 0 n m *1"S« 

[0068] o^t^ry- bf&mBi&W9i<o^nu L 
K«r»rflLfc (OB 8 (c) ) . c*ttr^ 
^nL'CK7^x7f>/U hfl«B5 J-.flSiC0« 

r(0»«#i«4 b frSJ«Wk:3£tfeici»3fel--s (B8 
(d) ) c 

[0 0 6 9 ] 5 0 n mWT i NJ)#K l 5 n 

m to P t K . 4 0 0 n m CO A u II5S & d fiOBK ^ J < y ^ 3W 



(T) 



11 

(119 (e) ) o 

[0 0 7 0] hlli^i*IMa^wSiH(:^ij)c 

y J: Y> ^ rfiOtft, 8 n mcDN i JR. 5 0 n m 
CO A uCeE 2 5 0 n m<?>A u - f)i'CS^if 

*sa (H9 (f) ) o 

^-/u \<-fu- h»«B:T»>««k:Ta206i:*JJ;tfS 

J3E4*«: & # I, ft & » ft *iJ»»Hi*s » e> ix « p 
[0 0 7 2] *fc**jft«<o«#a*S! h?^** 
tt % 7-<~ iV K;/u— K«BiffTcoa0f(wJK;aS*t^»a 

km >iifia8^i^^^^onT^^{^/jN^ < ft<5 

J:S«ma»fWB* KM U H 

»tt wffiT Srift'hlRfcMix. oo, WJEf=«*fc & l») Jr. 3 -fr * 

[0 0 7 3] ('jfejfeM 6 ) ;£3SttHtt, 181 i 0 a> J: 5 (- 
httttiS 5 Srffi* t Ufc fc*re *>-&«, 131 1 0 

(a) *3.fcu« (b) a, >/— Mii5(/) km >mom 

i: Lfcfceor*«>i3, (c) tt, V- httffi 
ir^"tb«o»tt*>, «; (i) 

C = * S / d ( 1 ) 

■) (^o^r, KM ^«l«o?8«ifii«ISS:/hd < i'^C 

//v h Wi X <0 KM >tt]«o*'#'b3 < ft 3 J; -> 

;u K:/i— HWU:J:&ttffttSJf1 s ffl*: KM ^flUKfcir* 
Ttt^MC U a«»ft*»»* <L*i "6 - £ 
z (Ditto* W«»»«£WfiT«:»/hRi::Mix.oo, ifrffi 
Wtt & In] ± 3 *U: 6 C £ rt* T- # & c 
[0 0 7 4] ft*$y— hIKttifrlll a 0 i^^-r J: 5 ftffii* 

[0 0 7 5] 7 ) *%ttW<Ottff ft%ig 

is^&l'l, mil (a) <7)J;-;iw, KM^msiy 

[0 0 7 6] h7>y^^lt ^Jte^J2 

*|H]«a>X«fc: J: 9 7 A- K'/u- h»ittT^i»«»: 
K4Sr* , i-Sy- h*« 5 fiBffMfltttt l 1 

tt> &1*<&iTiH- 5 0 n m»T i 1R, 3 0 n mCOP t. fl& 
2 0 0 nmWA u IK& C cONg-CK L£f£\ -Yaf-^ 



Vtffl 2 0 0 1 
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[0077] (mmm & ) »*ib h 9 > 

^**t* % ta 1 1 (b) ^*«7ty- 

[0 0 7 8] ^WWffll^y^^^tt, ^Jfo#ij2 

iSifC 5 0 n m«T i UK, 3 0 n m CO P t R % 2 0 0 n m 
JO fl>Au»4rrwl«-CKa£}R«Ufc«, ^^"V ^ y > ^ id 

[0 0 7 9 ] i^'/f^ffii 2(1 fctiliKM>M8 

4£ 1 2 KT«0lM«l±ftltttt <^ ft o TWSfcASflcn^i" < ft 

[ 0 0 8 0] (%ttM 9 ) ^XttM^ttff h ^> > 

^ ^ t* x H 1 3 CO J: 9 , y j Vf \" — h W 9 <0 
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